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[ABSTRACT] 

[PURPOSE] To form a coating layer having a higher quality 
on a surface of a metal material with preventing a mass of 
decomposed carbon generated by electrical discharge from 
remaining in the coating layer. 

[CONSTITUTION] A method for a surface treatment of the 
metal material by electrical discharge in a fluid, the 
method includes mixing conductive fine ceramics with a 
metal or metalloid (nonmetal) capable of producing carbide 
easily and a metal capable of being easily fused with a 
metal subject to the treatment or the fine ceramics as a 
binder that are respectively processed into powdered form; 
forming the mixture into a desired shape by compression 
molding to be used as a discharge electrode; performing an 
electrical discharge machining in a machining fluid by 
using the metal subject to the treatment as one of 
electrodes, in which carbon is produced by decomposition 
caused by generation of electrical discharge, and thereby 
producing carbon by reaction with carbide, i.e., a portion 
of the metal or metalloid capable of forming carbide 
easily; and forming a surface layer composed of the 
conductive fine ceramics, the carbide, a portion of the 
metal that is not used as the carbide, and a binder metal 
on a surface of the metal subject to the treatment. 
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[0008] 

[PROBLEM TO BE SOLVED BY THE INVENTION] The above-mentioned 
electrical discharge coating method is an excellent surface 
treatment technique as compared with conventional 
techniques , such as the sprayed coating method, the PVD, 
the CVD, and the plating. However, when an electrical 
discharge deposition in a fluid (using an electrode 
consumed easily) is performed as a pre-coating (a primary 
treatment) , a carbon content, which is generated by 
decomposition of paraffinum liquidum in a machining fluid 
due to electrical discharge, may remain intact in a coating 
layer as a carbon unit . Of course, the carbon content is 
mostly solid soluble in components of the coating layer at 
the time of a secondary treatment (remelting in a pulse 
discharge machining) ; however, it turned out that a fine 
mass of carbon still exists in the coating layer. 

[0032] 

[EXPERIMENTAL EXAMPLE 1] WC Powder (an average particle 
diameter of 3 jjiu) and Fe powder (an average particle 
diameter of 9.8 \m) composed of pure iron were mixed 
together at a weight ratio of 1 to 1 . A discharge 
treatment (a primary machining) was performed in an 
electrical discharge machining oil (kerosene) with the 
mixture that is compressed at compression pressure of 4 
ton/cm 2 as a powder electrode and a metal subject to the 
treatment as a carbon steel. At this time, the primary 
machining was performed under such discharge conditions 
that a discharge current Ip is 20 A, a discharge-current 
pulse width xp is 16 (lis, and the powder electrode is a 
negative electrode . 
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[0033] After the primary machining, the powder electrode 
was replaced with a non-consumable electrode (copper) . 
Then, a discharge treatment (a secondary machining) was 
performed in the same electrical discharge machining fluid* 
At this time, the secondary machining was performed under 
such discharge conditions that a discharge current Ip is 10 
A and a discharge-current pulse width xp is 1024 |Lts . 

[0034] Fig* 3 illustrates a cross section of a coating 

layer after the primary machining and the secondary 
machining, as a result of an area analysis with the EPMA. 
Fig, 3(1) illustrates a secondary electron image. Figs* 
3(2), 3(3), and 3(4) illustrate a result of the area 
analysis of W, C, and Fe, respectively* A micropore can be 
seen in the econdary electron image shown in Fig. 3(1). It 
can be found that the micropore is a mass of carbon based 
on the result of the area analysis of C shown in Fig. 3(3). 
As described in the conditions of the primary machining 
above, even though the Fe powder composed of pure iron was 
mixed, there was the mass of carbon. Steel has difficulty 
in producing carbide due to such a property that as an 
increase of contained carbon, the steel separates out 
graphite so as to be graphitic cast iron. Of course, a 
part of the steel becomes cementite; however, carbon still 
remains in the form of a mass. 

[0035] The reason why the carbon mass still remains is 

considered as follows. As in the case of the Fe powder 
composed of pure iron, Co also has difficulty in producing 
carbide. Therefore, a powder compact of a mixture of WC 
and Co also has difficulty in producing carbide. In 
general, the order of elements capable of producing carbide 
more easily is expressed as follows. The leftmost element 
can most easily produce carbide. Especially, Ni, Co, and 
Si that are located on the right side of Fe do not produce 
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specific carbide, but rather promote the graphitization . 
Nb>Ti>V>W>Mo>Cr>Mn>Fe>Ni>Co>Si 
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[#fF»*©i8B] 

[f*S2] I«tt770t7$yi'XAt. WC. 
TiC, TaC, ZrC, VC, TiBa, TiN, Ti 2 N© 

1 «x« 2 «£u^ e> & £ g»2#s 1 
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— ^r*««tUT*«IITStf5!lifcJ;0. ffif£!©ft 

m^w^r t ^ 5 &s«mif fe#*r s n t t-r 

[it^4] #*«tt7r-f >-fe93y^X30«v Ah 
O s , S13N4, Zr0 2 ©iax«2*&U^S&51f3fc 
^3lCfB«©7jffi. 

W. V. Zr, Ta> Cr. Mo, Mn© 1 «X« 2 SEUt 
(C1B«©7jS. 

e, CoX«Ni#&&D, T)VS.=.^A^t<Dm^\tAh 
ZnXtiCinfcS&D, SttttO#frHtCiu AlX»Sn 47 
*» 5 1 Xte 3 tCE«©77& 

i o %m\stz>mim 1 x&3 fce*©:m. 
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[*1] 
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aSWM©MfcilBXT«©#B»&©T«. ftlltt&f* 
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